The purpose of this study was to examine the impact of Medicare Shared Savings Program Accountable Care Organizations (SSP ACOs), along with other factors, on diabetes-related hospitalization rates for rural older adults. Using an early year of the SSP ACO program, we conducted multiple linear regressions to examine the effect of ACO participation on African American and white older adults. In neither model was ACO affiliation found to have a statistically significant impact on diabetes-related hospitalization rates. This study provides baseline measures for patient outcomes during the initial years of ACO formation.
Within rural communities, ethnic minority residents are particularly vulnerable to developing diabetes and its complications. Diabetes is found more frequently among ethnic minorities including African Americans and Hispanics. 9 One recent study of African American women living in the rural United States revealed many cases of severely uncontrolled diabetes of long-term duration. 10 Elsewhere it was found that black Medicare beneficiaries with diabetes were more likely to be hospitalized for ambulatory care sensitive conditions (ACSCs), particularly those related to diabetes or cardiovascular diseases. 11 Latinos living in rural areas along the US-Mexico border are much more likely to experience lower extremity amputations than whites. 12, 13 Other complications are chronic in nature, such as depression-a common comorbidity among diabetic patients. 14 One of the goals of Medicare ACOs is to improve the health care and overall health of a defined population for which it takes responsibility. Hospital admission rates for patients with chronic conditions can be minimized with effective primary care and coordinated care. In providing effective care, an important question is to what extent ACOs are serving the needs of patients of vulnerable populations, including rural residents and their minority populations.
rural populations affiliated with a particular type of ACO: the Medicare Shared Savings Program (SSP) ACO. We focus on populations of the rural Southeast because this region of the country has the highest prevalence of diagnosed diabetes. 15 In addition, we describe the characteristics of RHCs that participated in ACOs and the older adult patients they served.
METHODS

Analytical framework
The analysis for this study was guided by Andersen's behavioral model for health services use, which originated in the 1960s and revised in the 1990s. 16, 17 This model relates the use of health services to a person's predisposing and enabling factors, needs, and the external environment. Predisposing factors are described as those that predispose a person's health outcomes such as gender, age, race, and health beliefs. Enabling factors are described as those that facilitate the person's health outcomes, such as individual's income, health insurance coverage, and level of education. Need factors include individuals' perceived health care need and other indicators of their health status, such as comorbidity and self-perceived health. All these individual-level factors are assessed within the context of the external environment, which can be described by such factors as the percentage of the population that is in poverty and the percentage that is older. Figure 1 illustrates how the Andersen model was used as a basis for this study to measure the use of hospital services for treatment of diabetes-related conditions by older adults who access Rural Health Clinics (RHCs) located throughout the Southeast. The model relates the impact of the health care system (where ACO participation is the variable of interest), external environment, and population characteristics on diabetes-related hospitalizations.
Design and data sources
We applied a cross-sectional design using secondary data from multiple sources. The unit of analysis was the RHC and the Medicare beneficiaries they serve. This study was part of a larger, longitudinal study concerning the impact of ACO participation by RHCs on the quality of care and clinical outcomes of patients they serve, as well as the cost efficiency in providing that care. For the larger study we created a panel of clinics continuously certified as RHCs during the time 2007 to 2013 using the 2007 provider of services file. 18 All panel RHCs were located in HHS Region 4 (Tennessee, Kentucky, North Carolina, South Carolina, Georgia, Florida, Mississippi, and Alabama). Approval for the investigation was obtained through the Institutional Review Board of the University of Central Florida (Number SBE-11-07815).
The sources of secondary data for the current study included 2013 Medicare beneficiaries' inpatient and outpatient claims Research Identifiable Files, 19 Area Health Resources Files 2014-2015 edition, 20 and the 2013 Centers for Medicare & Medicaid Services (CMS) cost report for RHCs.
the patient with the most outpatient visits during the year. The study variables were measured on the individual, clinic, and state level. The individual-level variables from the Medicare beneficiaries' claims were aggregated to the clinic level, and captured such characteristics as state of residence, rurality, dual eligibility, and the risk-adjusted diabetesrelated hospitalization rate.
Variables
Outcome variable: Diabetes-related hospitalizations One of the goals of ACOs is to reduce diabetesrelated admissions and identify factors that contribute to their reduction. SSP ACOs are required to report on 34 quality measures that are grouped into 4 key domains. We used as a dependent variable one of the measures within the care coordination/patient safety domain: all-cause unplanned admissions for patients with diabetes (ACO-36).
This variable was one of several ACSC variables we constructed for a related larger study where ACSC variables were used to measure potentially avoidable hospitalizations for ACSCs. High rates of hospitalization for these conditions might indicate inadequate access to high-quality ambulatory care (CMS, 2013). As measures of ACSCs we used several prevention quality indicators (PQIs), which, along with other measures, are used to assess coordinated care for patients with chronic conditions. 23 We examined 2013 risk-adjusted diabetes mellitus-related hospitalization rates for Region 4. To risk adjust the hospitalization rates, we selected several variables that may impact the rates. The risk-standardization model included the patient's age, gender, Charlson Comorbidity Index, and the Medicare claims year. The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes used to identify hospital discharges with a principal diagnosis code of diabetes were any of the following individual PQIs: PQI 01 (diabetes short-term complications admission rate), PQI 03 (diabetes long-term complications admission rate), PQI 14 (uncontrolled diabetes admission rate), and PQI 16 (rate of lowerextremity amputation diabetes). All ICD-9-CM principal diagnosis codes for diabetes are in adults 65 years and older.
Health Care system ACO participation by RHCs was the independent variable of interest for the current study. The Medicare Shared Savings Program Accountable Care Organization (SSP ACO) is 1 of 6 ACO programs offered by the CMS. It was designed to incentivize ACOs to improve care of Medicare fee-for-service beneficiaries. The SSP ACO had a start cycle date of April 1, 2012. The service subjects of the SSP ACO are the fee-for-service beneficiaries. Our study population included only those RHCs that joined an SSP ACO in Region 4 in the year 2012 or 2013-a total of 20 RHCs.
Additional variables in the Healthcare System category included resources and organizational characteristics. Two resource variables were constructed: state (measured by the RHC's state of location), and rurality (measured by the RHC's location and classified into "urban," "large rural," "small rural," and "isolated" areas based on the method of the University of Washington Rural Health Research Center, 2016 24 ). One organizational characteristic-"size" of the RHC-was constructed using data reported in the cost report. It was calculated as the total number of physician, physician assistant, and nurse practitioner full-time equivalents.
External environment
Two external environment factors were included in the study model. Poverty was defined as the percentage of county population that was at a 200% of poverty level in 2013. Elderly was defined as the percentage of county population that was Medicare eligible in 2013 and of age 65 years and over.
Population characteristics
Finally, one enabling factor-dual eligibility-was included. This variable was defined as the percentage of Medicare program beneficiaries with at least 3 months of dual eligibility status during 2013.
Analytical methods Sample
For the year 2013, there were 20 RHCs participating in Region 4 SSP ACOs. After eliminating 1 RHC for which there were missing data for all study variables, the study sample was reduced to 19. To allow us to better account for unobserved confounders, we matched each of the 19 RHCs in ACOs with its closet match RHC (non-ACO participant) to create a matched dataset. We used data for clinics located throughout Region 4 and 1-to-5 propensity score matching to create this resulting matched dataset of 95 clinics. The propensity score was created using logistic regression with the following covariates: number of years the clinic was Medicare certified for participation in the RHC program, type of RHC (provider-based RHC and independent RHC), total patients assigned to the RHC, and type of control (profit, nonprofit, and government). The propensity score matching process was performed in R, version R i386 3.2.3. 
Analyses
Descriptive statistics were calculated to describe the organizational characteristics of the study RHCs in SSP ACOs (or ACO RHCs), and those of the patients and populations they serve. In addition, we conducted univariate analyses of the admissions variable as well as for each of the predisposing and enabling factors.
To examine the impact of ACO participation on diabetes-related hospitalization rates, we conducted multiple linear regression analysis of the relationship between health care system, external environment, and population characteristics.* Most patients accessing RHCs in the rural Southeast are of 2 ethnic groups: whites and African Americans. We created a separate statistical model for each ethnic group. All data management and regression analyses were carried out using SPSS, version 22.0.
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RESULTS
Organizational characteristics of RHCs in ACOs
We analyzed the characteristics of Region 4 RHCs that participated in SSP ACOs during the study period and the characteristics of the Medicare patients they served. In this section there is a brief description of some of those characteristics.
State of location
Most of the RHCs in ACOs (the "ACO RHCs") were located in just 2 states: Florida (70%) and Ten-*Our models included dummy variables for each of the 8 states in Region 4. In order to include all of these variables in the multiple linear regression models, we indicated that the constan(intercept) not be included or estimated in the models.
nessee (15%). The concentration of RHCs in ACOs located in Florida and Tennessee is explained, in part, by at least 2 factors: (1) there is a high percentage of SSP ACOs serving Florida and Tennessee, and (2) there are high numbers of Medicare beneficiaries in those states (see Figure 2 ).
Ownership and affiliations
Of the study ACO RHCs, only 10% were nonprofit, whereas nonprofits made up 28.6% of the non-ACO RHCs. Consideration was also given to whether the study RHCs were affiliated with other health care providers, as such affiliations may facilitate their becoming part of systems such as ACOs. RHCs are of 2 classifications: independent (freestanding) and provider-based (those affiliated with hospitals, nursing homes, or home health agencies).
For the region as a whole, the number of independent RHCs is more than twice that of providerbased RHCs. Among the ACO RHCs, independent RHCs represented a higher percentage of the total (73.7%) as compared with the non-ACO RHCs (70.8%).
Practice size
RHCs are typically small; the median "size" (total physician, physician assistant, and nurse practitioner full-time equivalents) for the 2013 Region 4 study panel was 3.31 (n = 362). The study ACO RHCs ranged in "size" from 1.00 to 23.25; the median size was 3.3 (n = 8).
Poverty
Of the counties in which the ACO RHCs were located, approximately 18% of the Medicare beneficiaries (65 years and older) were below 200% of the federal poverty level in 2013. This percentage is lower than the percentage of persons in poverty in non-ACO RHC counties (24%).
Patient age
For the study sample, the mean patient age in 2013 was 76.6 (n = 19); for all other Region 4 Medicare beneficiary patients, it was 74.8 (n = 484).
Patient ethnicity
The percentage of patients from 3 ethnic groups served by RHCs was examined: whites, African Americans, and Hispanics. In Region 4 as a whole, RHC Medicare patients are predominantly white. For ACO-RHCs, whites composed a higher percentage of all older adult patients (86.6%) as compared with those of non-ACO RHCs (73.81%). Table 1 presents results from the multiple regression analysis of risk-adjusted diabetes-related hospitalization rates for African American patients; Table 2 presents the results for white patients. Both models were found to have adequate fit (R 2 = 80.2% and 88.7%, respectively).
Impact of ACO participation and other factors on diabetes-related hospitalization rates
For neither model was ACO affiliation found to have a statistically significant impact on diabetesrelated hospitalization rates. However, the 2 analyses revealed other factors that impacted diabetesrelated hospitalization rates, although these factors differed between the models.
In the model for African American patients, being served by clinics located in Alabama or Florida was positively and significantly associated with diabetesrelated hospitalization rates (standard β = .66, P < .01; standard β = .61, P < .05). In the model for white patients, being served by clinics in Alabama was positive and significant as well (standard β = .27, P < .05). In addition, the RHC's rural location (large, small, and isolated) was negative and statistically significant in its impact on the hospitalization rates. Of these, classification of the RHC in a large rural location had the greatest impact (standard β = −.33, P < .01). Among the enabling factors, dual eligibility was positive and statistically significant in its impact (standard β = .45, P < .01).
DISCUSSION
The purpose of this study, broadly speaking, was to examine the impact of ACOs on patient outcomes. Specifically, we investigated whether rural older adults diagnosed with diabetes and served by SSP ACOs experienced reduced diabetes-related hospitalizations. We found that, at this early stage of ACO history, ACO participation by RHCs had not yet contributed to a reduction of diabetes-related hospitalization rates of the older diabetic adult patients they serve. However, other factors emerged as contributors. During the study period, for both African American and white Medicare patients, the geographic location of the RHC where they receive most of their care appears to have played a larger role than their affiliation with an ACO.
For the African American patients with diabetes, being served by RHCs located in Alabama or Florida appears to have had more bearing on these hospitalizations than the other predisposing and enabling factors we analyzed. This is not necessarily a reflection of the quality of primary care they receive, as there are a number of possible explanations. One point is that there is evidence that admission rates vary across the United States, while patient demographic differences are accounted for. [27] [28] [29] [30] Another consideration is that access to needed primary care services varies considerably from clinicto-clinic and across geographic areas. The availability of same-day appointments and extended hours that help to deter the need for hospitalization is largely determined by the supply of professional clinical staff in the clinic's service area. Another possible explanation is that the sample patients in these 2 states had lower incomes, lower education levels, and/or greater transportation needs-all of which are barriers to preventive care in rural areas. 31 Further research will clarify the explanations for the state-level differences in diabetes-related hospitalization rates we found. The degree to which ACOs can influence patient outcomes and reduce health disparities among African Americans and other ethnic minorities is not clear. There is evidence that Medicare beneficiaries served by ACOs are more likely to be white and of higher socioeconomic levels. 31 In addition, even if the new payment incentives offered to ACO participants contribute to improvements in quality of care, it must be determined whether these improvements translate into health disparities reductions. Many factors in addition to the patient's involvement in an ACO play a part in patient outcomes and health disparities, such as behavioral factors and a myriad of community characteristics. African American women from impoverished rural communities who have limited education may have poorer dietary and medication adherence habits 10 that may limit the effect of improved quality care available through ACOs. Lower levels of trust between the African American patients and their physicians as compared with whites 32 may compromise medication adherence and enhanced continuity of care. [33] [34] [35] For white patients, being served by RHCs located in large, small, or isolated rural areas was related to lower diabetes-related hospitalization rates. Rural location as a negative contributor begs the question as to whether rural Medicare patients are receiving needed hospitalizations for diabetes-related conditions. That is, given the high numbers of diabetic residents in rural areas and the geographic barriers to health care they face, this finding may indicate that patients are not accessing hospitals for needed treatment of complications related to diabetes.
In addition, for whites, dual eligibility status as an enabling factor appears to positively relate to diabetes-related hospitalizations. This finding is in keeping with previous research that has shown that almost 10% of dual eligibles had at least one potentially avoidable hospitalizations over a period of 1 year. 36 It is imperative that this relationship be monitored because hospitalizations, particularly for dual-eligible beneficiaries, are a major factor in US health care spending.
It is early in ACO history and, for that reason, plausible that the lack of evidence of ACO impact on clinical outcomes may largely be attributed to the short "life" ACOs have spanned. Formation of one of the earliest Medicare ACO models, the SSP ACO, was first announced in April 2012, so that the earliest RHCs to participate had only 1.5 years' experience with ACOs at the time of our study. The implementation of new operational systems within participant organizations of an ACO, and the communication and coordination between participants, may require multiple years before measurable impact on hospitalizations and other clinical outcomes are demonstrated.
This study had a few limitations. As previously described, our data were limited to the first 2 years of ACO participation. Although 36 additional Region 4 RHCs participated in SSP ACOs during 2014 and 2015 (e-mail communication with CMS, January 23, 2015) , there were few RHCs in SSP ACOs that formed the sample for the current study. Also, the analysis was cross-sectional, so that we cannot draw causal inference regarding the association between the contributing factors and diabetes-related hospitalization rates. In addition, our study was limited to the experiences of patients in the Southeastern United States. Thus, the findings cannot be generalized to the United States as a whole.
Despite these limitations, the findings of this study serve as benchmarks for documenting the progress and performance of ACOs in rural areas. The findings have value is setting a baseline for performance of ACOs. They help us to gain an understanding of realistic expectations for the time that may be required to realize benefits of ACOs concerning patient outcomes.
CONCLUSIONS
To meet the Healthy People 2020 goals of reducing the disease and economic burden of diabetes, health care delivery systems must increase the effectiveness of primary care in rural, as well as urban, areas. ACOs are one of the newer models for health care delivery that are intended to improve patient outcomes while reducing health care costs. They are designed to encourage the use of primary care services and coordinate care so as to minimize costs of unnecessary hospitalizations and emergency department visits. The findings of our study did not show that ACO participation by RHCs reduced diabetesrelated hospitalizations for the older adult patients they serve. This study provides baseline measures for patient outcomes during the initial years of ACO formation. Future research will clarify the benefit that ACO participation by RHCs may have on their patients and communities, as well as their performance overall.
